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Estimation  of  sex  is  an  important  step  in  the  evaluation  of  unknown  human  remains.  Human  skulls  are 
shown  to  exhibit  sexual  dimorphism.  The  objective  of  the  present  study  was  to  assess  the  mastoid  region 
in  sexing  of  unknown  skulls.  The  present  study  was  conducted  on  118  (69  males  and  49  females)  dry 
skulls  in  a  Medical  College  at  India.  The  dimensions,  area,  perimeter,  and  the  angles  of  the  mastoid 
triangle  were  analysed  for  their  utility  in  sex  estimation.  Non-parametric  Mann— Whitney  U  test  was 
employed  to  study  the  sex  differences  in  the  different  variables.  Receiver  Operating  Characteristic  (ROC) 
curve  was  used  for  testing  the  overall  ability  of  the  variables  in  sex  estimation.  The  present  investigation 
confirms  the  low  accuracy  of  the  mastoid  region  in  sex  estimation.  The  study  concludes  that  the  mastoid 
triangle  is  a  poor  indicator  of  sex,  and  of  limited  significance  without  population  reference. 

©  2013  Elsevier  Ltd  and  Faculty  of  Forensic  and  Legal  Medicine.  All  rights  reserved. 


1.  Introduction 

Identification  of  the  dismembered  and  skeletal  remains  is  a  vital 
part  of  any  medico-legal  investigation.  The  need  to  identify  these 
remains  arises  in  cases  of  mass  disasters1,2  and  at  times  when  the 
dead  body  is  intentionally  dismembered  and  mutilated  into  mul¬ 
tiple  pieces  to  conceal  the  identity  of  the  victim.  In  such  cases,  the 
primary  focus  of  investigation  is  on  establishing  the  biological 
profile  of  the  deceased  by  estimating  age,  sex,  stature  and 
ancestry.3,4  Estimation  of  sex  is  one  of  the  important  parameters  in 
establishing  the  biological  profile  of  the  unknown  remains.  Esti¬ 
mation  of  sex  is  based  upon  the  sexual  dimorphism  exhibited  by 
the  human  body.5  The  researchers  have  been  conducting  studies  on 
estimation  of  sex  from  various  human  bones  worldwide.  These 
studies  have  focused  on  the  long  bones,6-8  skull,9-11  pelvis,12-14 
scapula,15  clavicle,16  sternum,17-21  and  hand  and  foot  bones  22-24 

Human  skulls  are  shown  to  exhibit  sexual  dimorphism.  Ac¬ 
cording  to  Krogman  and  Iscan  25  pelvis  and  skull  provide  the  most 
accurate  results  in  estimation  of  sex  of  unknown  remains.  At  times, 


*  Corresponding  author.  Tel.:  +91  9448252394  (Mobile). 

E-mail  addresses:  tanuj  kanchan@yahoo.co.in,  tanuj.kanchan@manipal.edu, 
tanujkanchan@gmail.com  (T.  Kanchan). 


extensive  antemortem  injuries,  high  intensity  explosions,  and  post 
mortem  mutilation  by  animals  may  result  in  fragmentation  of  hu¬ 
man  remains.  Hence,  there  is  a  need  to  develop  techniques  to 
establish  sex  of  the  fragmentary  remains.  Studies  on  estimation  of 
sex  have  been  conducted  on  isolated  regions  of  the  cranium  such  as 
teeth,26,27  nasal  bones  28  frontal  bone  29  occipital  bone30,31  foramen 
magnum  9,32,33  and  palate  34,35  The  mastoid  region  involving  the 
mastoid  process  is  highly  resistant  to  physical  damage  and  usually 
remains  intact  even  in  the  very  old  and  damaged  skulls  due  to  its 
protected  anatomical  position  and  compact  structure.36,37  Recent 
researches  have  shown  that  the  mastoid  triangle  connecting  the 
osteological  landmarks;  Porion,  Asterion  and  Mastoidale  can  fairly 
determine  the  sex  of  an  unidentified  skull.  This  technique  of  sex 
estimation  using  mastoid  triangle  was  introduced  by  Paiva  and 
Segre36  in  a  population  of  Sao  Paulo,  Brazil.  Their  study  on  the 
mastoid  triangle  was  followed  by  other  researchers37-42  who  have 
tested  this  technique  of  sex  estimation  in  different  populations 
with  varying  results. 

The  objective  of  the  present  research  was  to  analyse  the  utility  of 
mastoid  triangle  in  estimation  of  sex  in  human  skulls.  Besides  the 
various  dimensions  of  the  mastoid  triangle,  the  area  and  perimeter, 
and  the  angles  of  the  mastoid  triangle  are  computed  to  study  the 
sex-differences  in  these  variables. 
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Fig.  1.  Landmarks  of  the  mastoid  triangle. 


The  following  measurements  were  taken  with  the  help  of  sliding 
callipers: 

Po-As  (Porion  to  Asterion):  The  straight  distance  between 

Porion  and  Asterion. 

As-Ma  (Asterion  to  Mastoidale):  The  straight  distance  between 

Asterion  and  Mastoidale. 

Po-Ma  (Porion  to  Mastoidale):  The  straight  distance  between 

Porion  and  Mastoidale. 

Perimeter  and  area  of  the  mastoid  triangle  were  calculated. 
Perimeter  of  the  mastoid  triangle  was  taken  as  the  sum  of  the  three 
sides  of  the  mastoid  triangle  (Po-As  +  As-Ma  +  Po-Ma),  while 
Heron’s  formula  was  used  for  the  calculation  of  area  of  the  mastoid 
triangle  in  mm2  following  Kemkes  and  Gobel.38 

The  three  angles  of  the  mastoid  triangle  were  calculated  based 
on  the  three  sides  of  the  triangle  using  online  software  ‘Solve  tri¬ 
angle  -  SSS’43  to  find  if  the  mastoid  triangle  varies  in  size  as  well  as 
shape  among  males  and  females. 


2.  Material  and  methods 

2.2.  Sample 

The  study  was  conducted  on  118  dry  skulls  (69  males  and  49 
females)  at  Kasturba  Medical  College,  Mangalore  in  India.  The  study 
sample  included  both  anatomical  specimens  and  skulls  that  were 
preserved  in  forensic  cases  after  medicolegal  investigations.  The  sex 
of  the  skulls  was  assigned  by  one  of  the  authors  (TK)  based  on 
morphological  examination  of  the  sexually  dimorphic  traits 
described  in  literature.25  The  size  and  shape  of  the  mastoid  was  not 
considered  during  the  process  of  assignment  of  sex  since  the  present 
investigation  involved  the  metric  analysis  of  the  mastoid  region.  The 
adult  status  of  the  crania  was  confirmed  from  the  dentition  and 
closure  of  sphenooccipital  synchondrosis.  All  the  damaged/ 
deformed  skulls  and  those  that  did  not  exhibit  distinct  sexually 
dimorphic  features  morphologically  were  excluded  from  the  study. 

2.2.  Methods 

An  approval  was  obtained  from  the  Institutional  Ethical  Com¬ 
mittee  of  Kasturba  Medical  College,  Mangalore  before  conducting 
this  study.  The  mastoid  triangle  as  originally  defined  by  Paiva  and 
Segre36  was  taken  as  the  basis  for  this  study.  Following  landmarks 
for  mastoid  triangle  were  marked  on  the  right  side  of  each  cranium. 

Porion  (Po):  Highest  point  on  the  surface  of  the  external  audi¬ 
tory  meatus. 

Mastoidale  (Ma):  Lowest  craniometric  point  at  the  mastoid 
process. 

Asterion  (As):  Meeting  point  of  lambdoid,  occipitomastoid,  and 
parietomastoid  sutures.  Straight  lines  joining  these  three  points 
(Po,  Ma,  and  As)  formed  the  mastoid  triangle. 


Angle-As:  The  angle  between  Po-As  and  As-Ma. 

Angle-Po:  The  angle  between  Po-As  and  Po-Ma. 

Angle-Ma:  The  angle  between  Po-Ma  and  As-Ma. 

The  landmarks  and  measurements  included  in  the  study  are 
shown  in  Fig.  1.  It  needs  to  be  highlighted  here  that  the  mastoid 
triangle  does  not  constitute  of  a  flat  surface  but  a  slightly  curved 
one  and  hence,  the  area  and  angles  calculated  in  the  study  cannot 
be  considered  as  a  true  area/angle  but  area  and  angles  for  a  two- 
dimensional  planar  view. 

2.3.  Analysis 

The  data  were  analysed  using  SPSS  (Statistical  Package  for  Social 
Sciences)  version  11.5  software  (SPSS,  Inc.,  Chicago,  IL,  USA).  Non- 
parametric  Mann-Whitney  U  test  was  employed  to  find  the  sex 
differences  in  the  different  variables.  Receiver  Operating  Charac¬ 
teristic  (ROC)  curve  was  used  for  testing  the  overall  ability  of  the 
variables  in  sex  estimation.  Area  under  the  ROC  curve  (AUC)  de¬ 
notes  the  discriminating  power  of  variables  in  sex  estimation.  The 
higher  the  AUC,  better  is  the  sex  discriminating  potential  of  the 
variable.  Level  of  significance  was  set  at  P-value  <0.05. 

3.  Results 

Descriptive  Statistics  for  the  dimensions  of  the  mastoid  triangle 
are  shown  in  Table  1.  Dimensions  of  the  mastoid  triangle  were 
larger  in  males  than  females.  The  male-female  differences  were 
statistically  significant  for  the  distance  between  Porion  and  Aste¬ 
rion,  (P  =  0.003)  and  Porion  and  Mastoidale  (P  =  0.007).  For  the 
distance  between  Asterion  and  Mastoidale,  the  male-female  dif¬ 
ferences  were  not  statistically  significant  (P  =  0.097).  Perimeter  and 
area  of  the  mastoid  triangle  as  estimated  from  the  mastoid  triangle 


Table  1 

Descriptive  statistics:  dimensions  of  the  mastoid  triangle,  perimeter  and  area  of  the  mastoid  triangle. 


Males  (n  =  69) 

Females  (n  =  49) 

Z  value 

P  value 

Mean 

S.D 

Range 

Mean 

S.D 

Range 

Po-As 

43.97 

3.245 

35-50 

42.31 

3.743 

36-52 

2.951 

0.003 

Po-Ma 

27.43 

3.056 

22-35 

25.73 

2.548 

21-30 

2.692 

0.007 

As-Ma 

48.68 

4.667 

37-59 

47.16 

4.749 

39-58 

1.658 

0.097 

Perimeter 

120.09 

8.237 

97-134 

115.20 

10.120 

97-136 

2.609 

0.009 

Area 

592.246 

79.79 

404-725 

542.143 

91.40 

376-694 

3.138 

0.002 

Po-As:  Porion  to  Asterion;  Po-Ma:  Porion  to  Mastoidale;  As-Ma:  Asterion  to  Mastoidale. 
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dimensions  are  observed  to  be  larger  in  males  than  females.  Both 
perimeter  and  area  of  the  mastoid  triangle  show  statistically  sig¬ 
nificant  male-female  differences  (Table  1 ).  None  of  the  angles  of 
the  mastoid  triangle  were  shown  to  elicit  statistically  significant  sex 
differences  (Table  2).  A  considerable  degree  of  overlapping  is 
observed  for  the  mastoid  triangle  dimensions.  Frequency  distri¬ 
bution  of  mastoid  triangle  dimensions  is  shown  in  Table  3.  Similar 
observations  are  made  with  regard  to  the  perimeter  and  area  of  the 
mastoid  triangle  (Figs.  2  and  3). 

ROC  analysis  indicates  that  the  sexing  potential  was  maximum 
for  the  area  of  the  mastoid  triangle  (67.0%)  followed  by  distance 
between  Asterion  and  Porion  (65.8%),  distance  between  Porion  and 
Mastoidale  (64.5%),  and  Perimeter  of  the  mastoid  triangle  (64.1%). 
Observations  of  the  ROC  analysis  applied  to  find  the  predictability 
of  each  variable  in  sex  estimation  are  shown  in  Fig.  4. 

4.  Discussion 

The  skull  plays  a  vital  role  in  distinguishing  the  sex  of  the  fossil 
and  archaeological  remains.  There  are  two  basic  methods  of  sexing 
the  human  skull;  morphological  and  morphometric.  The  morpho¬ 
logical  method  is  based  upon  the  observation  of  certain  sexually 
dimorphic  traits  of  the  skull.  The  morphometric  method  of  sex 
estimation  however,  depends  upon  taking  certain  measurements 
on  the  skull.  This  method  utilizes  the  traits  of  robustness  that 
enable  differentiation  between  males  and  females.  Metric  analysis 
has  merits  over  the  morphological  analysis  as  the  former  is  more 
objective  and  provides  greater  statistical  weight  than  the 
latter.38,40,44 

Mastoid  region  has  drawn  the  interest  of  researchers  for  its 
utility  in  sex  estimation  since  long.  The  size  of  mastoid  is  of  sig¬ 
nificance  in  discriminating  sex  using  both  morphological  and 
morphometric  analysis.  The  size  of  the  mastoid  is  one  of  the 
Krogman’s  traits  used  frequently  by  forensic  experts  in  dis¬ 
tinguishing  male  and  female  skulls  based  on  morphological  ex¬ 
amination.45  In  a  study  on  credibility  of  morphological  sex 
estimation  on  19th  century  samples,  Rogers45  assigned  a  combined 
rank  of  3  for  the  size  of  the  mastoid.  Later,  Williams  and  Rogers,46  in 
a  similar  study  assigned  a  combined  rank  of  1  for  the  size  of  mas¬ 
toid  in  sex  estimation  in  modern  sample.  Hence,  mastoid  was 
considered  as  a  high  quality  trait  in  sex  estimation. 

Due  to  a  marked  sexual  dimorphism  in  the  mastoid  region  of  the 
cranium,  many  researchers  have  investigated  this  region  using 
metric  methods.  Nagaoka  et  al.,39  Sumati  et  al 47  and  Gupta  et  al.42 
utilized  several  measurements  of  the  mastoid  process  and  studied 
its  accuracy  in  sex  differentiation.  Nagaoka  et  al 39  measured  the 
height,  width  and  length  of  the  mastoid  process  in  medieval  to 
early  modern  Japanese  skulls  and  concluded  that  the  accuracy  of 
sex  classification  was  more  that  80%  when  single  parameter  was 
used,  and  accuracy  of  82-92%  was  achieved  when  mastoid  height 
and  width  were  taken  together  for  sex  estimation.  Sumati  et  al.47 
analysed  the  length,  breadth  and  antero-posterior  diameter  of  the 
mastoid  process  and  calculated  the  size  of  mastoid  process  in  a 
modern  North  Indian  sample.  They  found  that  the  mastoid  process 
correctly  classified  sex  in  76.7%  crania  included  in  the  study.  Gupta 


Table  3 

Frequency  distribution  of  the  mastoid  triangle  dimensions  in  males  and  females. 


Range 

Male  (n  = 

69) 

Female  (n 

=  49) 

As-Ma  (%) 

Po-As  (%) 

Po-Ma  (%) 

As-Ma  (%) 

Po-As (%) 

Po-Ma  (%) 

20-24 

— 

— 

08  (11.6) 

— 

— 

14  (28.6) 

25-29 

— 

— 

42  (60.9) 

— 

— 

34  (69.4) 

30-34 

— 

— 

18  (26.0) 

— 

— 

01  (02.0) 

35-39 

02  (02.8) 

03  (04.3) 

01  (01.4) 

01  (2) 

06  (12.2) 

— 

40-44 

10  (14.4) 

33  (47.8) 

— 

11  (22.4) 

34  (69.3) 

— 

45-49 

29  (41.9) 

28  (40.5) 

— 

16  (32.6) 

07  (14.2) 

— 

50-54 

25  (36.2) 

05  (07.2) 

— 

19  (38.7) 

02  (04.0) 

— 

55-59 

03  (04.3) 

— 

— 

02  (4) 

— 

— 

Po-As:  Porion  to  Asterion;  Po-Ma:  Porion  to  Mastoidale;  As-Ma:  Asterion  to 
Mastoidale. 


et  al.42  observed  an  accuracy  of  90%  for  the  mastoid  process  in 
sexing  the  crania  and  stressed  that  the  mastoid  length  was  the  best 
in  determining  the  sex  of  the  South  Indian  crania.  Franklin  et  al.48 
however,  has  reported  a  low  sexing  accuracy  of  68%  for  mastoid 
length  in  sexing  of  indigenous  South  African  crania.  A  detailed 
study  on  sex  estimation  from  mastoid  process  using  metric  analysis 
on  a  modern  North  Indian  autopsy  sample  was  published  by  Saini 
et  al.37  Saini  et  al.37  utilized  eight  different  measurements  on 
mastoid  process.  The  prediction  accuracies  using  each  variable  in 
direct  discriminant  analysis  in  their  study37  ranged  between  68.1% 
and  75.4%,  while  in  step-wise  analysis,  asterion-mastoidale  and 
mastoid  breadth  provided  an  accuracy  of  87%.  Different  studies 
have  thus,  used  different  landmarks  and  measurements  that  be¬ 
sides  population  differences  may  be  responsible  for  the  variations 
in  the  levels  of  accuracy  reported  in  these  studies. 

In  the  present  research,  all  the  dimensions,  area,  and  perimeter 
of  the  mastoid  triangle  were  found  to  be  larger  in  males  than  fe¬ 
males.  This  may  be  attributable  to  the  generally  larger  size  of  the 
male  cranium  as  compared  to  the  female  cranium.  The  sex  differ¬ 
ences  in  the  size  of  mastoid  process  can  be  attributed  to  the  variable 
duration  of  growth  in  males  and  females.37  The  mastoid  region  of 
the  cranium  is  one  of  the  later  growing  regions  and  such  regions 
show  higher  degree  of  sexual  dimorphism  in  the  adulthood  37,45  In 
the  present  investigation  statistically  significant  sex  differences 
were  observed  for  the  distance  between  Porion  and  Asterion,  and 
between  Porion  and  Mastoidale.  The  distance  between  Porion  and 
asterion,  considered  as  mastoid  length  in  the  Japanese  skulls 
showed  statistically  significant  male-female  differences  similar  to 
that  reported  in  a  study  on  Japanese  skulls.39  The  mastoid  length  in 
Japanese  skulls  was  comparatively  larger  among  males 
(49.0  ±  3.47  mm)  and  females  (47.0  ±  2.7  mm)  than  those  observed 
in  our  study,  thus,  suggestive  of  population  differences  in  the 
measurements  of  the  mastoid.  Previous  studies  on  the  dimensions 
of  mastoid  triangle37,38,41  have  observed  statistically  significant  sex 
differences  for  all  the  three  arms  of  the  mastoid  triangle.  In  the 
present  study,  statistically  significant  sex  differences  were  not 
observed  for  the  distance  between  Asterion  and  Mastoidale,  which 
is  similar  to  the  observations  of  Kemkes  and  Gobel38  who  found 
this  dimension  to  be  statistically  insignificant  in  estimation  of  sex 
in  the  German  sample.  A  study  on  Brazillian  skulls40  observed 


Table  2 

Descriptive  statistics:  angles  of  the  mastoid  triangle. 


Angles 

Male  (n  =  69) 

Female  (n  = 

49) 

Z  value 

P  value 

Mean 

S.D 

Range 

Mean 

S.D 

Range 

Po-Angle 

82.62 

8.23 

66.51-98.18 

83.97 

5.60 

71.79-90.54 

0.415 

0.678 

Ma-Angle 

63.43 

6.09 

51.04-71.96 

63.21 

4.07 

56.43-71.79 

0.060 

0.952 

As-Angle 

33.92 

4.65 

24.79-44.87 

32.838 

2.82 

26.63-41.51 

1.356 

0.175 

Po:  Porion;  Ma:  Mastoidale,  As:  Asterion. 
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35  -i 


30  - 
25  - 


<100  100-109  110-119  120-129  130-139 

■  Male  ^Female 

Fig.  2.  Frequency  distribution  of  the  mastoid  triangle  perimeter  in  males  and  females. 


■  Male  ^Female 


Fig.  3.  Frequency  distribution  of  the  mastoid  triangle  area  in  males  and  females. 


statistically  significant  sex  differences  only  for  the  distance  be¬ 
tween  Porion  and  Mastoidale.  A  comparative  account  of  the  di¬ 
mensions  of  the  mastoid  triangle  in  the  previous  studies  is  shown 
in  Table  4.  Distance  between  Asterion  and  Mastoidale  was  observed 
to  be  the  longest  arm  of  the  mastoid  triangle  in  our  study  as  well  as 
all  the  previous  studies38,40,41  except  for  the  study  by  Saini  et  al.37 
where  the  distance  between  Porion  and  Asterion  was  observed  as 
the  longest  arm  of  the  mastoid  triangle.  It  is  evident  from  the  ROC 
analysis  in  the  present  study  that  the  sexing  potential  of  mastoid 
triangle  dimensions  is  low.  Overall  accuracy  of  measurements  using 
ROC  analysis  in  a  study  from  North  India37  was  higher  than  ours 
and  the  most  effective  single  measurement  was  found  to  be  the 
distance  between  Asterion  and  Mastoidale  that  showed  an  accu¬ 
racy  level  of  75.4%.  In  our  study,  however,  distance  between  Aste¬ 
rion  and  Mastoidale  did  not  show  statistically  significant  sex 


differences.  A  study  from  Thailand41  has  shown  higher  accuracy 
levels  on  utilizing  discriminant  function  analysis  than  those  re¬ 
ported  in  the  present  study.  Our  observations  that  are  suggestive  of 
a  lower  accuracy  level  of  mastoid  triangle  dimensions  are  similar  to 
those  reported  by  Kemkes  and  Goble  38 

To  the  best  of  our  knowledge  and  literature  search,  since  the 
introduction  of  mastoid  triangle  by  Paiva  and  Segre,38  four  studies 
have  been  published  on  mastoid  triangle  and  its  ability  in  estima¬ 
tion  of  sex.38’40-41-49  Paiva  and  Segre36  in  a  xerographic  study  of  dry 
skulls  in  a  population  of  Sao  Paulo,  Brazil  calculated  the  area  of  right 
and  left  mastoid  triangle  and  then  added  the  two  areas  to  calculate 
the  total  area.  They  observed  a  statistically  significant  difference  in 
right,  left  and  total  area  of  the  triangle  and  recognized  60%,  51.67%, 
and  36.67%  overlapping  of  male  and  female  values  for  right,  left, 
and  total  area  of  triangle  respectively.  Paiva  and  Segre36  concluded 
that  the  total  area  >1447.40  mm2,  and  <1260.36  mm2  was  indic¬ 
ative  of  male  and  female  cranium  respectively.  Though  the  authors 
state  that  xerographic  study  is  easy  to  execute  and  have  detailed 
the  technique  of  obtaining  a  xerographic  copy  of  each  side  of 
mastoid  region,  its  validity  with  regard  to  reproducibility  and 
repeatability  needs  to  be  tested.  Moreover,  for  the  well-defined 
landmarks  of  mastoid  triangle,  direct  measurements  should  be 
preferred  over  the  indirect  ones  such  as  the  xerographic  copies. 
Probably  for  the  same  reason,  all  the  latter  studies  in  different 
populations  were  based  on  direct  measurements  of  the 
skull  38,40,41,49  The  results  of  the  present  study  indicate  that  statis¬ 
tically  significant  sex  differences  exist  in  both  area  and  perimeter  of 
mastoid  triangle  connecting  the  landmarks  porion,  asterion  and 
mastoidale  and  are  thus,  in  agreement  with  the  observations  of  the 
previous  researchers  38,40,41,49  Galdames  et  al 40  however,  has  re¬ 
ported  significant  sex  differences  in  the  mastoid  triangle  area  on 
the  right  side  only.  Comparisons  of  the  area  of  mastoid  triangle  as 
reported  in  the  previous  studies  are  shown  in  Table  4.  Maximum 
dimensions  and  area  of  mastoid  triangle  are  observed  in  Thai 
population  41  while  minimum  dimensions  and  area  are  observed  in 
an  autopsy  study  from  Northern  part  of  India  49  Mastoid  triangle 
area  in  Indian  studies  is  significantly  lesser  than  that  observed  in 
the  studies  from  Brazil,40  Europe  38  and  Thailand 41  In  fact,  the 
mean  mastoid  triangle  area  among  males  in  studies  from  India  is  far 
less  than  the  mean  mastoid  triangle  area  in  females  in  the  studies 
from  Brazil,40  Europe,38  and  Thailand  41  When  compared  to  the 
mastoid  triangle  area  observed  in  the  other  study  from  India,49  the 
mastoid  triangle  area  was  observed  to  be  larger  in  the  present 
investigation.  Observations  of  the  present  study  are  thus,  in 
agreement  with  Kemkes  and  Gobel38  that  area  of  mastoid  triangle 
is  of  limited  significance  without  population  reference.  The  accu¬ 
racy  of  the  area  of  mastoid  triangle  in  sex  estimation  in  the  present 
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Fig.  4.  ROC  curve  for  the  dimensions,  perimeter,  area,  and  angles  of  the  mastoid  triangle. 
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Table  4 

Comparative  analysis  of  observations  of  previous  researchers  on  mastoid  triangle  dimensions  (mm)  and  area  (mm2)  on  the  right  side. 


Study 

Population/study  region 

Po-Ma 

As-Ma 

Po-As 

Area 

Male 

Female 

Male 

Female 

Male 

Female 

Male 

Female 

Paiva  and  Segre36 

Brazil 

— 

— 

— 

— 

— 

— 

752.1 

608.7 

Kemkes  and  Globel38 

German 

30.9 

28.9 

50.5 

49.4 

48.6 

46.3 

717.6 

655.9 

Portugese 

31.5 

28.4 

49.5 

45.4 

47.7 

45.1 

718.9 

609.5 

Galdames  et  al.40 

Brazil 

30.7 

27.6 

50.2 

48.3 

47.5 

46.7 

703.3 

624.1 

Manoonpol  and  Plakornkul41 

Thailand 

35.1 

31.2 

57.2 

52.2 

53.5 

49.6 

912.7 

752.5 

Singh  et  al.51 

North  India 

23.1 

21.7 

45.2 

41.1 

41.9 

39.0 

478.0 

412.1 

Present  study 

South  India 

27.4 

25.7 

48.7 

47.2 

43.9 

42.3 

592.2 

542.1 

Po-As:  Porion  to  Asterion;  Po-Ma:  Porion  to  Mastoidale;  As-Ma:  Asterion  to  Mastoidale. 


study  has  been  found  to  be  low  and  similar  to  that  reported  by 
previous  researchers.38,40,41,49  Kemkes  and  Gobel38  observed  that 
using  discriminant  function  analysis,  only  65%  of  all  skulls  could  be 
correctly  identified.  Singh  et  al.49  observed  sexing  accuracy  of  the 
mastoid  area  as  61%.  Singh  et  al.49  also  observed  that  the  accuracy 
of  the  area  of  mastoid  triangle  varies  in  different  age  groups,  an 
observation  not  explored  in  any  of  the  previous  studies.  The  accu¬ 
racy  levels  were  comparatively  higher  in  the  Thai  population.  The 
location  of  asterion  and  its  anatomic  relationship  with  other  cranial 
structures  is  thought  to  be  a  confounder  that  may  be  the  cause  for 
reduced  sex  differences  in  the  region.38  The  fact  that  the  position  of 
the  asterion  varies  with  progression  of  age  in  a  population  specific 
manner  is  highlighted  in  previous  anatomical  and  clinical  studies  37 

The  variations  in  the  observations  of  previous  studies  on 
different  populations  confirm  the  existence  of  population  specific 
differences  exhibited  in  the  skull.  These  can  be  attributed  to  the 
environmental  and  nutritional  influences  and  to  the  variability  in 
the  position  of  landmarks  of  the  skull  in  different  populations  37 
Kemkes  and  Gobel38  evaluated  the  validity  of  the  technique  of 
Paiva  and  Segre,36  and  concluded  that  although  the  area  of  mastoid 
triangle  shows  statistically  significant  sex  differences,  the  tech¬ 
nique  is  of  limited  practical  utility  in  assessing  individual  skulls 
without  population  reference.  In  the  study  by  Kemkes  and  Gobel,38 
the  Portugese  cemetery  sample  showed  greater  sexual  dimorphism 
than  the  German  sample  with  regard  to  mastoid  triangle.  Obser¬ 
vations  on  the  mastoid  triangle  area  in  the  two  studies  from  Brazil 
differ  from  each  other.  These  variations  however,  can  be  attributed 
to  the  differences  in  the  methodologies  adapted  in  the  studies  36,40 
Similarly  on  comparing  the  mastoid  triangle  dimensions  in  the  two 
previous  studies  from  Northern  part  of  India,37,49  variations  are 
obvious  despite  the  fact  that  both  the  studies  are  conducted  on 
autopsy  samples  in  a  modern  population.  These  variations  can 
probably  be  attributed  to  the  fact  that  India  is  a  country  where 
significant  ethnic  and  population  diversity  exists.50  Delhi  being  the 
capital  and  metropolitan  city  in  Northern  part  of  India  has  a  mixed 
sort  of  population  from  all  over  India.  The  study  by  Singh  et  al.49 
though  was  based  on  autopsy  examinations  at  an  Institute  in 
Delhi,  thus,  cannot  be  considered  as  representative  of  any  specific 
population  group.  However,  the  study  sample  in  the  study  by  Saini 
et  al 37  can  be  considered  as  more  representative  of  population 
from  the  Northern  part  of  India.  It  is  a  well-established  fact  that  the 
standards  developed  on  skulls  of  one  population  should  not  be 
used  on  the  other  population  groups  owing  to  population  varia¬ 
tions.  With  intermixing  of  populations  in  the  modern  world  it  may 
not  be  practically  possible  to  assign  a  population  reference  to  a  skull 
brought  for  examination,  thus,  further  reducing  the  applicability  of 
mastoid  triangle  in  sex  estimation  of  unknown  skulls. 

The  angles  of  the  mastoid  triangle  did  not  exhibit  any  sexual 
dimorphism.  Our  observations  on  the  angles  and  perimeter  of  the 
mastoid  triangle  cannot  be  compared  per  se  since  no  previous 
studies  are  available  on  these  variables.  However,  insignificant  sex 


differences  in  the  mastoid  angles  are  suggestive  that  the  mastoid 
triangle  is  proportionately  smaller  in  females  than  males.  Angular 
and  ratio  measurements  are  used  to  depict  the  ‘pattern’  and 
minimize  the  effects  of  size  increases  or  changes.51  Our  observa¬ 
tions  thus,  further  confirm  the  views  that  estimation  of  sex  of  adult 
skulls  depend  on  the  larger  size  and  robustness  of  the  male  skulls 
than  females  39  It  is  shown  that  the  females  have  a  smaller  cranium 
than  males,  both  absolutely  and  relatively  which  is  attributed  to  the 
differences  in  the  dimensions  and  rate  of  growth  of  the  skull.  Boys 
experience  a  cranial  growth  spurt  even  before  puberty,  which  is  not 
seen  in  girls.52  Besides,  a  relatively  greater  development  of  mastoid 
process  in  males  may  be  a  response  to  the  stronger  muscle  ac¬ 
tions.37,45  The  muscles  in  the  mastoid  region  are  attached  over  a 
relatively  larger  area  in  males  than  females.  The  morphological 
features  whose  development  is  related  to  insertion  and  action  of 
major  muscle  groups  are  reported  to  be  better  indicators  of  sex  37,53 
The  present  investigation  confirms  the  low  accuracy  of  mastoid 
dimensions  and  mastoid  area  in  sex  estimation.  The  results  of  the 
present  investigation  are  however,  indicative  of  the  consistency 
between  the  sexing  based  on  the  measurements  of  the  region  and 
the  morphological  examination  of  the  sexually  dimorphic  traits 
that  were  used  to  assign  the  sex  to  the  skulls.  Measurements  used 
in  the  studies  on  mastoid  triangle  are  straight  distances  between 
the  landmark  points  and  sex  differences  may  vary  for  the  actual 
distance  along  the  curved  surface  between  the  landmark  points.  It 
can  be  concluded  from  the  study  observations  and  based  on  the 
comparative  analysis  of  the  previous  studies  that  the  mastoid  tri¬ 
angle  is  a  poor  indicator  of  sex,  and  of  limited  significance  without 
population  reference. 

Ethical  approval 

None  declared. 

Funding 

No  support  in  form  of  grants. 

Conflict  of  interest 

The  authors  have  no  conflict  of  interest  to  declare. 

Acknowledgements 

The  present  research  is  part  of  a  larger  study  on  craniometric 
analysis  that  was  supported  by  Manipal  University  Student 
Research  Grant.  Authors  are  grateful  to  the  Manipal  University, 
India  for  encouraging  research  and  its  publication  in  international 
journals  of  repute. 

References 

1.  Burns  KR.  Forensic  anthropology  training  manual.  2nd  ed.  Upper  Saddle  River: 

New  Jersey  Prentice-Hall;  2007. 


860 


T  Kanchan  et  al.  /  Journal  of  Forensic  and  Legal  Medicine  20  (2013)  855-860 


2.  Cattaneo  C.  Forensic  anthropology:  development  of  a  classical  discipline  in  the 
new  millennium.  Forensic  Sci  Int  2007;165:185-93. 

3.  Chandrakanth  HV,  Kanchan  T,  Krishan  K,  Arun  M,  Pramod  Kumar  GN.  Esti¬ 
mation  of  age  from  human  sternum:  an  autopsy  study  on  a  sample  from  South 
India.  Int  J  Legal  Med  2012;126(6):863-8. 

4.  Krishan  K,  Kanchan  T,  Ghosh  A,  Menezes  RG.  Forensic  anthropological 
casework-essential  methodological  considerations  in  stature  estimation. 
J  Forensic  Nurs  2012;8:45-50. 

5.  Krishan  K,  Kanchan  T,  Passi  N,  DiMaggio  J.  Heel-Ball  (HB)  index-sexual  dimor¬ 
phism  of  a  new  index  from  foot  dimensions?  J  Forensic  Sci  2012;57:172-5. 

6.  Charisi  D,  Eliopoulos  C,  Vanna  V,  Koilias  CG,  Manolis  SK.  Sexual  dimorphism  of 
the  arm  bones  in  a  modern  Greek  population.  /  Forensic  Sci  2011;56:10-8. 

7.  Srivastava  R,  Saini  V,  Rai  RK,  Pandey  S,  Tripathi  SK.  A  study  of  sexual  dimor¬ 
phism  in  the  femur  among  North  Indians.  J  Forensic  Sci  2012;57:19-23. 

8.  Robinson  MS,  Bidmos  MA.  An  assessment  of  the  accuracy  of  discriminant 
function  equations  for  sex  determination  of  the  femur  and  tibia  from  a  South 
African  population.  Forensic  Sci  Int  2011  ;206:212.el— 5. 

9.  Raghavendra  Babu  YP,  Kanchan  T,  Attiku  Y,  Dixit  PN,  Kotian  MS.  Sex  estimation 
from  foramen  magnum  dimensions  in  an  Indian  population.  /  Forensic  Leg  Med 
2012;19:162-7. 

10.  Gonzalez  RA.  Determination  of  sex  from  juvenile  crania  by  means  of  discrim¬ 
inant  function  analysis.  /  Forensic  Sci  2012;57:24-34. 

11.  Spradley  MK,  Jantz  RL.  Sex  estimation  in  forensic  anthropology:  skull  versus 
postcranial  elements.  J  Forensic  Sci  201 1  ;56:289— 96. 

12.  Biwasaka  H,  Aoki  Y,  Sato  I<,  Tanijiri  T,  Fujita  S,  Dewa  K,  et  al.  Analyses  of  sexual 
dimorphism  of  reconstructed  pelvic  computed  tomography  images  of 
contemporary  Japanese  using  curvature  of  the  greater  sciatic  notch,  pubic  arch 
and  greater  pelvis.  Forensic  Sci  Int  2012;219:288.el— 8. 

13.  Steyn  M,  Becker  PJ,  L’Abbe  EN,  Scholtz  Y,  Myburgh  J.  An  assessment  of  the 
repeatability  of  pubic  and  ischial  measurements.  Forensic  Sci  Int  2012;214: 
210.el— 4. 

14.  Nagesh  KR,  Kanchan  T,  Bastia  BK.  Sexual  dimorphism  of  acetabulum-pubis 
index  in  South-Indian  population.  Leg  Med  (Tokyo)  2007;9:305-8. 

1 5.  Frutos  LR.  Determination  of  sex  from  the  clavicle  and  scapula  in  a  Guatemalan 
contemporary  rural  indigenous  population.  Am  J  Forensic  Med  Pathol  2002; 23: 
284-8. 

16.  Papaioannou  VA,  Kranioti  EF,  Joveneaux  P,  Nathena  D,  Michalodimitrakis  M. 
Sexual  dimorphism  of  the  scapula  and  the  clavicle  in  a  contemporary  Greek 
population:  applications  in  forensic  identification.  Forensic  Sci  Int  2012;217(1  — 
3):231.el— 7. 

1 7.  Hunnargi  SA,  Menezes  RG,  Kanchan  T,  Lobo  SW,  Binu  VS,  Uysal  S,  et  al.  Sexual 
dimorphism  of  the  human  sternum  in  a  Maharashtrian  population  of  India:  a 
morphometric  analysis.  Leg  Med  (Tokyo)  2007;10(1):6— 10. 

18.  Hunnargi  SA,  Menezes  RG,  Kanchan  T,  Lobo  SW,  Uysal  S,  Herekar  NG,  et  al. 
Sternal  index:  is  it  a  reliable  indicator  of  sex  in  the  Maharashtrian  population  of 
India?  J  Forensic  Leg  Med  2009;16(2):56— 8. 

19.  Franklin  D,  Flavel  A,  Kuliukas  A,  Cardini  A,  Marks  MK,  Oxnard  C,  et  al.  Esti¬ 
mation  of  sex  from  sternal  measurements  in  a  Western  Australian  population. 
Forensic  Sci  Int  2012;217:230.el— 5. 

20.  Bongiovanni  R,  Spradley  MK.  Estimating  sex  of  the  human  skeleton  based  on 
metrics  of  the  sternum.  Forensic  Sci  Int  2012;219:290.el— 7. 

21.  Ramadan  SU,  Turkmen  N,  Dolgun  NA,  Gokharman  D,  Menezes  RG,  Kacar  M, 
et  al.  Sex  determination  from  measurements  of  the  sternum  and  fourth  rib 
using  multislice  computed  tomography  of  the  chest.  Forensic  Sci  Int 
2012;197(1— 3):120.el— 5. 

22.  Case  DT,  Ross  AH.  Sex  determination  from  hand  and  foot  bone  lengths. 
/  Forensic  Sci  2007;52(2):264-70. 

23.  Mastrangelo  P,  De  Luca  S,  Sanchez-Mejorada  G.  Sex  assessment  from  carpals 
bones:  discriminant  function  analysis  in  a  contemporary  Mexican  sample. 
Forensic  Sci  Int  2011;209(1— 3):196.el— 196.el5. 

24.  Harris  SM,  Case  DT.  Sexual  dimorphism  in  the  tarsal  bones:  implications  for  sex 
determination.  /  Forensic  Sci  2012;57:295-305. 

25.  Krogman  WM,  Iscan  YM.  The  human  skeleton  in  forensic  medicine.  2nd  ed. 
Springfield,  Illinois,  U.S.A.:  Charles  C.  Thomas  Pub  Ltd;  1986. 

26.  Macaluso  Jr  PJ.  Investigation  on  the  utility  of  permanent  maxillary  molar  cusp 
areas  for  sex  estimation.  Forensic  Sci  Med  Pathol  2011;7:233-47. 


27.  Pereira  C,  Bernardo  M,  Pestana  D,  Santos  JC,  Mendon^a  MC.  Contribution  of 
teeth  in  human  forensic  identification  —  discriminant  function  sexing  odon- 
tometrical  techniques  in  Portuguese  population.  J  Forensic  Leg  Med  2010;17(2): 
105-10. 

28.  Schiwy-Bochat  KH.  The  roughness  of  the  supranasal  region  —  a  morphological 
sex  trait.  Forensic  Sci  Int  2001  ;117(1— 2):7— 13. 

29.  May  H,  Peled  N,  Dar  G,  Cohen  H,  Abbas  J,  Medlej  B,  et  al.  Hyperostosis  frontalis 
interna:  criteria  for  sexing  and  aging  a  skeleton.  Int  J  Legal  Med  2011;125: 
669-73. 

30.  Francesquini  Junior  L,  Francesquini  MA,  De  La  Cruz  BM,  Pereira  SD, 
Ambrosano  GM,  Barbosa  CM,  et  al.  Identification  of  sex  using  cranial  base 
measurements.  /  Forensic  Odontostomatol  2011;25:7-11. 

31.  Wescott  DJ,  Moore-Jansen  PH.  Metric  variation  in  the  human  occipital  bone: 
forensic  anthropological  applications.  /  Forensic  Sci  2011;46:1159-63. 

32.  Uthman  AT,  Al-Rawi  NH,  Al-Timimi  JF.  Evaluation  of  foramen  magnum  in 
gender  determination  using  helical  CT  scanning.  Dentomaxillofac  Radiol 
2012;41:197-202. 

33.  Gapert  R,  Black  S,  Last  J.  Sex  determination  from  the  foramen  magnum: 
discriminant  function  analysis  in  an  eighteenth  and  nineteenth  century  British 
sample.  Int  J  Legal  Med  2009;123:25-33. 

34.  Burris  BG,  Harris  EF.  Identification  of  race  and  sex  from  palate  dimensions. 
J  Forensic  Sci  1998;43:959-63. 

35.  Yokosawa  S,  Innami  T,  Takei  T.  Studies  on  sex  determination  from  palate  and 
canine  and  on  palatal  development  by  the  moire  topograph.  Acta  Med  Leg  Soc 
(Liege)  1985;35:313-8. 

36.  Paiva  LAS,  Segre  M.  Sexing  the  human  skull  through  the  mastoid  process.  Rev 
Hosp  Clin  Fac  Med  Sao  Paulo  2003;58:15-20. 

37.  Saini  V,  Srivastava  R,  Rai  RK,  Shamal  SN,  Singh  TB,  Tripathi  SK.  Sexestimation 
from  the  mastoid  process  among  North  Indians.  /  Forensic  Sci  2012;57:434-9. 

38.  Kemkes  A,  Gobel  T.  Metric  assessment  of  the  “mastoid  triangle”  for  sex 
determination:  a  validation  study.  J  Forensic  Sci  2006;51:985-9. 

39.  Nagaoka  T,  Shizushima  A,  Sawada  J,  Tomo  S,  Hoshino  K,  Sato  H,  et  al.  Sex 
determination  using  mastoid  process  measurements:  standards  for  Japanese 
human  skeletons  of  the  medieval  and  early  modern  periods.  Anthropol  Sci 
2008;116(2):105— 13. 

40.  Galdames  ICS,  Matamala  DAZ,  Smith  RL.  Sex  determination  using  mastoid 
process  measurements  in  Brazilian  skulls.  Int  J  Morphol  2008;26:941-4. 

41.  Manoonpol  C,  Plakornkul  V.  Sex  determination  using  mastoidprocess  mea¬ 
surement  in  Thais.  /  Med  Assoc  Thai  2012;95:423-39. 

42.  Gupta  AD,  Banerjee  A,  Kumar  A,  Rao  SR,  Josh  J.  Discriminant  function  analysis 
of  mastoid  measurements  in  sex  determination.  /  Life  Sci  2012;4:1-5. 

43.  Solve  triangle— SSS  Software.  Available  at:  http://www.teacher/oice.com.au/ 
maths_library/trigonometry/solve_trig_sss.htm  [accessed  15.03.12]. 

44.  France  DL.  Observational  and  metric  analysis  of  sex  in  the  skeleton.  In: 
Reichs  KJ,  editor.  Forensic  osteology.  Advances  in  the  identification  of  human 
remains.  Springfield:  Charles  C.  Thomas;  1986.  p.  163—86. 

45.  Rogers  TL.  Determining  the  sex  of  human  remains  through  cranial  morphology. 
J  Forensic  Sci  2005;50:493-500. 

46.  Williams  BA,  Rogers  T.  Evaluating  the  accuracy  and  precision  of  cranial 
morphological  traits  for  sex  determination.  /  Forensic  Sci  2006;51:729-35. 

47.  Sumati,  Patnaik  WG,  Phatak  A.  Determination  of  sex  by  mastoid  process  by 
discriminant  functions  analysis.  J  Anat  Soc  India  2010;59:222-8. 

48.  Franklin  D,  Freedman  L,  Milne  N.  Sexual  dimorphism  and  discriminant  function 
sexing  in  indigenous  South  African  crania.  Homo  2005;55:213-28. 

49.  Singh  RP,  Verma  SK,  Tyagi  AK.  Determination  of  sex  by  measurement  of  area  of 
mastoid  triangle  in  human  skull.  Indian  Internet  J  Forensic  Med  Toxicol  2008  ;6: 
29-43. 

50.  Majumder  PP.  People  of  India:  biological  diversity  and  affinities.  Evol  Anthropol 
1998;6:100-10. 

51.  Hsiao  TH,  Chang  HP,  Liu  KM.  Sex  determination  by  discriminant  function 
analysis  of  lateral  radiographic  cephalometry.  /  Forensic  Sci  1996;41:792-5. 

52.  Baughan  B,  Demirjian  A.  Sexual  dimorphism  in  the  growth  of  the  cranium.  Am  J 
Phys  Anthropol  1978;49:383-90. 

53.  Franklin  D,  Freedman  L,  Milne  N,  Oxnard  CE.  A  geometric  morphometric  study 
of  sexual  dimorphism  in  the  crania  of  indigenous  southern  Africans.  S  Afr  J  Sci 
2006;102:229-43. 


